Specifications Table {#s0005}
====================

TableSubject areaChemistry, BiologyMore specific subject areaBiomolecule engineeringType of dataTable, graph, figureHow data was acquiredBiotek ELX 800 and BIOTEK EON microplate readers to record the adsorption for activity assay, and to record the extinction of ITA complex for selective quantification of protein in 96-well platesData formatRaw and analyzedExperimental factorsInterferences found from denaturated proteins in medium, which are eliminated through filtration of cell lysates through 0.22 μm membraneExperimental featuresSpecific activities of enzyme/mutants in cell lysates based on ITA of their proteins with one of the purified enzyme/mutants as the reference protein were compared with those of purified enzyme/mutants by directed assayData source locationChongqing Medical University, Chongqing 400016, ChinaData accessibilityData are available with this article

Value of the data {#s0010}
=================

•Supporting the validity of ITA of a group of enzyme/mutants as proteins in cell lysates to derive their specific activities for comparison.•Supporting much higher reliability to recognize a positive mutant of 50% higher activity by the comparison of specific activities based on ITA of enzyme/mutants as proteins in cell lysates than the comparison of other activity indices.•Supporting the incomparable advantage of cost and labor for the elucidation of sequence-activity relationship of an enzyme.

1. Data {#s0015}
=======

The data in this article provides information on how to develop an experimental system to determine specific activities of enzyme/mutants in cell lysates in HTP mode based on ITA of enzyme/mutants as protein and HTP assay of activities ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"}, [Fig. 7](#f0035){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}, [Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"}, [Table 5](#t0025){ref-type="table"}, [Table 6](#t0030){ref-type="table"}, [Table 7](#t0035){ref-type="table"}, [Table 8](#t0040){ref-type="table"}, [Table 9](#t0045){ref-type="table"}, [Table 10](#t0050){ref-type="table"}, [Table 11](#t0055){ref-type="table"}, [Table 12](#t0060){ref-type="table"}, [Table 13](#t0065){ref-type="table"}, [Table 14](#t0070){ref-type="table"}, [Table 15](#t0075){ref-type="table"}, [Table 16](#t0080){ref-type="table"}, [Table 17](#t0085){ref-type="table"}, [Table 18](#t0090){ref-type="table"}, [Table 19](#t0095){ref-type="table"}, [Table 20](#t0100){ref-type="table"}, [Table 21](#t0105){ref-type="table"}, [Table 22](#t0110){ref-type="table"}, [Table 23](#t0115){ref-type="table"}, [Table 24](#t0120){ref-type="table"}, [Table 25](#t0125){ref-type="table"}). Data were provided for the validity of the proposed strategy, the performance to recognize the positive mutant in each random pair of PAAS/mutants during HTP screening, and the efficacy to elucidate sequence-activity relationships of both BFU and PAAS in HTP mode ([Fig. 8](#f0040){ref-type="fig"}, [Fig. 9](#f0045){ref-type="fig"} and [Table 26](#t0130){ref-type="table"}).Fig. 1SDS-PAGE analyses of preparations of PAAS. M: molecular weight markers; 1: PAAS after affinity chromatography once; 2: PAAS after affinity chromatography twice; 3: PAAS after affinity chromatography trice; 4: PAAS after affinity chromatography four times. Each lane was loaded the same 15 μg of total proteins by the Bradford assay.Fig. 1Fig. 2Purification of polyclonal antibodies analyzed by SDS-PAGE. 1. proteins in antisera; 2. proteins in the precipitate by 33% ammonia sulfate at 4 °C, yield 20%; 3. the dissolved precipitate after DEAE-cellulose chromatography at pH 6.5, yield 25%; 4. BSA; 5. Proteins in the supernatant of 33% ammonia sulfate (application data in [Table 12](#t0060){ref-type="table"}).Fig. 2Fig. 3Wavelength effects on scattering signals of reaction mixture containing a sample of 1.0 μg PAAS and antisera of 0.25 mg.Fig. 3Fig. 4Effects of the combination wavelengths on ITA signals of reaction mixture containing 1.0 μg PAAS plus varying quantities of its antisera.Fig. 4Fig. 5Fitting of a quadratic function to the response of △ΔA~340-700~ to PAAS quantities in mixtures (the same data in [Table 13](#t0065){ref-type="table"}, standard error of estimate was about 0.013 for PAAS from 0.2 to 2.4 μg (a), but was as large as about 0.056 for PAAS from 0.2 to 4.0 μg (b)).Fig. 5Fig. 6Fitting of two models to the response of *A*~340-700~ to BFU quantities in mixtures (the same data in [Table 14](#t0070){ref-type="table"}, standard error of estimate was about 0.003 for fitting with a quadratic function (a), but was about 0.004 for fitting with a linear function (b), for BFU from 0.20 to 3.0 μg).Fig. 6Fig. 7Association of relative specific activities based on ITA with those after purification a, PAAS/mutants; left to right were M72D, G138S, M72Q, and PAAS b, BFU/mutants; left to right were F301L-6H, L171I, A1R, BFU-6H and BFU.Fig. 7Fig. 8Distributions of specific activities based on ITA of proteins and activity concentrations in each pair of PAAS/mutants.Fig. 8Table 1Changes of apparent specific activities of PAAS during purification.Table 1Affinity purification of PAAS(Apparent) specific activity (kU/g, assay in duplicate)Cell lysate2.3±0.2The first purification7.0±0.2initial rate with data from 10 to 15 min reaction after the mixing of 4NPS with PAASThe second purification10.8±0.3The third purification12.6±0.3The fourth purification14.5±0.3[^2]Table 2Deviations between systems for M72D activity assay and the correction of its specific activity.Table 2M72DMAPADA UV 1600 spectrophotometer (data within 1.0 min)MAPADA UV 1600 spectrophotometer (data from 10 to 15 min)The ratio of rate within 1.0 min to that from 10 to 15 min, all by MAPADA UV 1600 spectrophotometerBiotek ELX 800 microplate reader (data from 10 to 15 min)The ratio of rate within 1.0 min by MAPADA UV to that from 10 to 15 min by BIOTEK ELX 800 microplate readerActivity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Repetition2.3332.4301.2991.3531.7950.9751.0602.2932.2222.3151.4061.4651.5801.0041.0922.1212.2842.3791.4041.4631.6260.9931.0792.2042.3642.4631.4971.5591.5800.9871.0732.2952.2812.3761.4901.5521.5311.0261.1152.1312.2882.3841.5211.5841.5051.0201.1092.1502.2862.3811.4861.5481.5381.0471.1382.0922.4622.5651.5371.6011.6031.1451.2442.0622.2622.3561.5531.6181.4561.0421.1322.0802.4602.5631.5861.6521.5510.9501.0322.483Repetition2.3892.4881.5851.6511.507Mean2.3302.4271.4881.5501.5701.0191.1072.191SD0.0800.0830.0870.0910.0890.0540.0580.131CV0.0340.0340.0590.0590.0570.0530.0530.060Corrected for 48% purity2.31SD for 48% purity0.12[^3]Table 3Deviations between systems for M72Q activity assay and the correction of its specific activity.Table 3M72QMAPADA UV 1600 spectrophotometer (data within 1.0 min)MAPADA UV 1600 spectrophotometer (data from 10 to 15 min)The ratio of rate within 1.0 min to that from 10 to 15 min, all by MAPADA UV 1600 spectrophotometerBiotek ELX 800 microplate reader (data from 10 to 15 min)The ratio of rate within 1.0 min by MAPADA UV to that from 10 to 15 min by BIOTEK ELX 800 microplate readerActivity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Repetition3.3446.0791.5032.7322.2251.0361.8843.2272.7184.9421.3172.3942.0641.0621.9312.5583.0915.6201.4372.6142.1500.9431.7153.2763.0015.4561.4462.6292.0751.1222.0402.6753.1635.7501.5192.7622.0820.9811.7843.2233.0045.4621.4432.6232.0830.9321.6943.2243.0275.5041.4122.5662.1440.9451.7183.2032.8465.1751.2372.2492.3011.1652.1192.4423.1255.6821.4432.6232.1660.9721.7683.2133.0385.5241.3552.4642.2420.9771.7763.110Repetition3.0015.4561.4902.7092.014Mean3.0325.5141.4182.5792.1411.0141.8433.015SD0.1620.2950.0850.1540.0880.0800.1460.322CV0.0530.0530.0600.0600.0410.0790.0790.107Corrected for 48% purity3.84SD for 48% purity0.30[^4]Table 4Deviations between systems for G138S activity assay and the correction of its specific activity.Table 4G138SMAPADA UV 1600 spectrophotometer (data within 1.0 min)MAPADA UV 1600 spectrophotometer (data from 10 to 15 min)The ratio of rate within 1.0 min to that from 10 to 15 min, all by MAPADA UV 1600 spectrophotometerBiotek ELX 800 microplate reader (data from 10 to 15 min)The ratio of rate within 1.0 min by MAPADA UV to that from 10 to 15 min by BIOTEK ELX 800 microplate readerActivity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Repetition7.2155.2282.1611.5663.3391.8911.2984.0276.8614.9712.0161.4613.4032.0551.3443.7006.9665.0481.7521.2703.9761.7651.5783.1997.1025.1462.0411.4793.4802.0641.4413.5718.4596.1302.2401.6233.7771.9251.6773.6557.0195.0862.1461.5553.2701.7076.9895.0642.2761.6493.0711.8321.7062.9698.1505.9062.3531.7053.4642.2961.6643.5508.7606.3482.4171.7513.6251.9001.5654.0567.5475.4692.4611.7833.0672.4221.3114.171Repetition8.6176.2442.3141.6773.725Mean7.6085.5132.1981.5933.4721.9861.5093.655SD0.7400.5360.2060.1490.2870.2280.1640.398CV0.0970.0970.0940.0940.0830.1150.1080.109Corrected for 48% purity3.14SD for 48% purity0.34[^5]Table 5Deviations between systems for PAAS activity assay and the correction of its specific activity.Table 5PAASMAPADA UV 1600 spectrophotometer (data within 1.0 min)MAPADA UV 1600 spectrophotometer (data from 10 to 15 min)The ratio of rate within 1.0 min to that from 10 to 15 min, all by MAPADA UV 1600 spectrophotometerBiotek ELX 800 microplate reader (data from 10 to 15 min)The ratio of rate within 1.0 min by MAPADA UV to that from 10 to 15  min by BIOTEK ELX 800 microplate readerActivity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Activity concentration (kU/L)Apparent specific activity (kU/g)Repetition30.39814.47510.1944.8542.9828.1976.6752.16929.25213.92910.1764.8462.8758.1866.8602.03026.56812.6519.9944.7592.6588.1976.5621.92826.50812.6239.7104.6242.7309.1657.6321.65427.29212.9969.7634.6492.7958.4416.7151.93528.28713.4708.8984.2373.1797.8496.3502.12127.95513.3129.8014.6672.8528.4997.2021.84825.15011.9769.2074.3842.7329.7047.9971.49825.15011.9769.2074.3842.7327.2526.6831.79225.00011.9059.3004.4292.6888.3596.9901.703Repetition26.17612.4658.5534.0733.060Mean27.06712.8899.5284.5372.8448.3856.9671.868SD1.7650.8410.5340.2540.1670.6710.5100.212CV0.0650.0650.0560.0560.0590.0800.0730.114Corrected for 48% purity14.51SD for 48% purity1.06[^6]Table 6Correction of the inhibition of Ni^2+^ on PAAS/mutants.Table 6Final NiSO~4~ at 25 μM Specific activity after correction of the effect of purity onlySpecific activity after correction of inhibition by Ni^2+^Inhibition percentage % (*n*=4)PAAS14.5±1.014.5±1.0\<5InsignificantM72Q3.8±0.34.3±0.414±3significantG138S3.1±0.33.4±0.410±3significantM72D2.3±0.12.3±0.1\<4Insignificant[^7]Table 7Correction of the specific activities of BFU/mutants.Table 7After correction of purityBefore correction of purityBFU9.05.258%*n*=10BFU-6H3.52.058%*n*=8A1R3.31.958%*n*=5F301L-6H1.60.958%*n*=3L171I2.61.558%*n*=4[^8]Table 8Optimization of antisera for ITA to 1.0 μg purified PAAS.Table 8PAAS at final 1.0 μgFinal quantity of antisera (μg)03570105175245315385deltaA (340 nm vs 700 nm)−0.0000.0320.0570.0680.0990.1140.1190.122deltaA (370 nm vs 700 nm)−0.0020.0220.0420.0510.0730.0850.0900.097deltaA (405 nm vs 700 nm)−0.0010.0170.0330.0410.0590.0670.0750.083[^9]Table 9Optimization of antisera for ITA to 1.0 μg purified BFU.Table 9BFU at final 1.0 μgFinal quantity of antisera (μg)03570105175245315385deltaA (340 nm vs 700 nm)−0.0000.0220.0450.0670.1120.1560.1690.182[^10]Table 10ITA with 0.75 mg antisera to determine PAAS in artificial samples of different abundance.Table 10*n*PAAS340 nm700 nm*A*~340-700~*ΔA*~340-700~MeanSDCV (%)3% abundance calculated with known specific activity of 14.5 kU/g with data from 10 to 15 minTriplicate0.6 μg0.8570.1840.6740.2010.209\*0.0073.30.6 μg0.8710.1850.6860.2130.6 μg0.8700.1840.6860.213Triplicate1.1 μg0.9410.1990.7420.2610.269\*0.0072.61.1 μg0.9460.2000.7460.2731.1 μg0.9470.2010.7460.273Triplicate2.2 μg1.0270.2190.8080.3350.350\*0.0185.12.2 μg1.0780.2350.8430.3702.2 μg1.0450.2270.8180.345  50% abundance calculated with known specific activity of 14.5 kU/g within data from 10 to 15 minTriplicate0.6 μg0.8460.1730.6730.2000.1960.0136.80.6 μg0.8250.1690.6560.1830.6 μg0.8400.1720.6680.195Triplicate1.1 μg0.9070.1870.7200.2470.2510.0083.21.1 μg0.9090.1900.7190.2461.1 μg0.9270.1940.7330.260Triplicate2.2 μg1.0600.2250.8350.3620.3500.0113.12.2 μg1.0400.2250.8150.3422.2 μg1.0430.2250.8180.345[^11]Table 11ITA with 0.75 mg antisera to determine BFU in artificial samples of different abundance.Table 11*n*BFU340 nm700 nm*A*~340-700~*ΔA*~340-700~MeanSDCV (%)3% abundance calculated with known specific activity of 14.5  kU/g with data from 10 to 15 minTriplicate1.1 μg0.4840.1040.3800.0700.073\*0.0079.61.1 μg0.4860.0950.3910.0811.1 μg0.4820.1040.3780.068  50% abundance calculated with known specific activity of 14.5 kU/g within data from 10 to 15 minTriplicate1.1 μg0.4790.1010.3780.0680.0700.0068.71.1 μg0.4770.0920.3850.0751.1 μg0.4800.1020.3780.068[^12]Table 12Effects of purified polyclonal antibodies on ITA.Table 12Total protein (PAAS, μg)0.30.61.01.52.03.04.5Δ*A*~340-700~Antisera (0.75 mg)0.028±0.0030.089±0.0080.117±0.0100.155±0.0130.185±0.0130.240±0.0150.320±0.017Ammonia sulfate fraction (0.35 mg)0.024±0.0020.053±0.0050.054±0.0050.130±0.0110.160±0.0120.224±0.0150.260±0.017DEAE cellulose purification (0.15 mg)0.019±0.0020.041±0.0040.068±0.0050.098±0.0120.112±0.0120.168±0.0130.238±0.013DEAE cellulose purification (0.35 mg)0.049±0.0040.104±0.0110.148±0.0110.214±0.0170.255±0.0100.370±0.0150.536±0.017                Total protein (BFU, μg)0.30.51.01.72.12.84.2Δ*A*~340-700~Antisera (0.75 mg)0.018±0.0020.042±0.0040.067±0.0060.101±0.0090.114±0.0100.134±0.0100.182±0.012Ammonia sulfate fraction (0.35 mg)0.021±0.0020.028±0.0030.054±0.0050.087±0.0090.098±0.0090.124±0.0100.150±0.012DEAE cellulose purification (0.15 mg)0.013±0.0020.022±0.0030.038±0.0040.064±0.0060.072±0.0070.091±0.0080.135±0.012DEAE cellulose purification (0.35 mg)0.029±0.0030.052±0.0040.088±0.0060.143±0.0110.158±0.0120.200±0.0130.300±0.014Table 13Fitting of a quadratic function to response of ΔA340-700 to PAAS quantities in reaction mixtures.Table 13PAAS (μg)*A*~340-700~*ΔA* (~340--700~)CVA quadratic model (0.4--2.4)A quadratic model (0.4--4.0)(n=3)calculate YResidual dYcalculate YResidual dY0.00.6030.000−0.012−0.012−0.029−0.0290.20.6320.02949.50.0360.0070.0240.0050.40.6710.07128.50.0810.010LOQ0.0730.002LOQ0.60.7170.11424.20.1230.0090.1190.0050.90.7760.17314.80.1830.0100.1830.0101.20.8520.2498.20.237−0.0120.239−0.0101.80.9420.3394.20.330−0.0090.331−0.0082.40.9990.3965.50.4020.006UOQ0.393−0.0033.01.0180.4159.30.4530.0380.4280.0134.01.0280.4259.30.4920.0670.421−0.004UOQBuffer alone0.067*s*0.013*s*0.056Antisera alone0.552The fitting with a quadratic function gave *s* \< 0.013 and *R*^2^ \> 0.994 for UOQ of 2.4 μg.Parameters for fitting with a linear modelRangeData for 0\~1.2 μgData for 0\~2.4 μgslopeinterceptcorrelsteyxslopecorrelinterceptsteyx0.208−0.0090.9980.0070.1740.9820.0080.021Table 14Fitting of a function to response of Δ*A*~340-700~ to BFU quantities in reaction mixtures.Table 14Quantity*A*340-700*ΔA*~(340-700)~a quadratic modela linear modelBFU (μg)(*n*=3)CVCalculated *Y*Residual d*Y*Calculated *Y*Residual d*Y*0.00.3150.000−0.003−0.0030.0070.0070.20.3250.01032.50.0110.0010.0180.0080.40.3410.02614.50.025−0.001LOQ0.0300.004LOQ0.60.3540.03911.20.038−0.0010.0410.0020.90.3700.0559.50.0580.0030.0590.0041.20.3870.0726.20.0770.0050.0760.0041.80.4280.1135.20.1130.0000.111−0.0022.40.4650.1506.50.148−0.0020.146−0.0023.00.4980.1835.30.180−0.003UOQ0.181−0.003UOQ4.00.5120.1976.20.2300.0380.2390.042Buffer alone0.097Antisera alone0.312*s*0.003*s*0.004A quadratic curveA linear curveRange0.0--3.0 μgRange0.0--3.0 μgSlopeinterceptcorrelsteyxSlopecorrelinterceptsteyx0.060-0.0030.9980.0030.0580.9980.0060.004Table 15Abundance of M72D determined in HTP mode for comparison (CBB stands for the Bradford assay).Table 15No.M72D Activity (kU/L)M72D quantity by CBB for total proteins (g/L)M72D by ITA (g/L)M72D Specific activity based on ITA (kU/g)M72D apparent specific activity by CBB (kU/g)M72D abundance by activity (its known specific activity used)M72D abundance by ITA10.1870.8100.0902.084FALSE0.1010.11120.2040.8160.1041.9660.2500.1080.12730.1750.7800.0852.0610.2240.0970.10940.2140.8820.1062.0240.2430.1050.12050.1660.7400.0692.4140.2250.0980.09360.1630.7250.0662.4520.2240.0970.09170.2230.7770.1032.1620.2870.1250.13380.2040.7570.1012.0160.2700.1170.13490.2010.7520.1002.0150.2670.1160.133100.2140.8810.1071.9920.2430.1060.122110.2100.8540.0932.2490.2460.1070.109140.1620.7210.0732.2090.2250.0980.102150.1480.7500.0632.3380.1970.0860.084160.2130.8950.1012.1180.2380.1040.112170.1810.8060.0802.2750.2250.0980.099180.2260.8570.1181.9220.2640.1150.137190.2450.9760.1231.9960.2510.1090.126200.2510.8700.1122.2450.2890.1250.129210.2230.9120.1122.0000.2450.1070.123220.1570.8130.0662.3830.1920.0840.081230.2440.8540.1222.0010.2860.1240.143240.2480.8580.1202.0590.2890.1260.140250.2290.8420.1072.1350.2720.1180.128260.1680.8480.0742.2580.1980.0860.088270.1230.5780.0701.7560.2120.0920.121280.1830.8900.0732.5040.2060.0890.082290.1840.8280.0712.5720.2220.0960.086300.1930.8940.0782.4640.2160.0940.088310.1500.6460.0662.2730.2320.1010.102320.2110.8950.0842.5240.2360.1030.093330.2270.9100.1042.1710.2490.1080.115340.1860.8210.0782.3870.2270.0990.095350.1870.8180.0732.5460.2280.0990.090360.1710.8270.0662.5730.2060.0900.080370.1840.8360.0722.5520.2200.0960.086380.2130.8970.0982.1820.2380.1030.109390.1880.8100.0732.5710.2320.1010.090400.2290.9940.0922.4990.2300.1000.092410.2070.8460.0842.4660.2450.1060.099420.1580.7850.0652.4300.2010.0870.083430.1950.8130.0742.6220.2400.1040.091440.1900.8820.0752.5490.2160.0940.085450.2170.8690.0842.5940.2490.1080.096460.2490.9060.1102.2570.2750.1190.122470.1930.8540.0812.3880.2260.0980.095480.2711.0800.1232.1940.2510.1090.114490.2200.9760.0842.6160.2250.0980.086500.1930.8210.0872.2100.2350.1020.106510.2490.8130.1072.3240.3060.1330.132520.2010.9120.0812.4870.2200.0960.089530.1530.6540.0612.4990.2330.1010.093540.1850.7020.0902.0530.2630.1140.128550.1890.7400.0902.1110.2560.1110.121560.2170.8720.0882.4650.2490.1080.101570.2020.8490.0962.0980.2380.1030.113580.1890.7530.0752.5150.2520.1090.100590.2090.7790.0732.8560.2680.1160.094600.1960.8230.0932.1130.2380.1030.112610.1900.6840.0752.5440.2780.1210.109620.2020.7700.1002.0260.2620.1140.129630.2210.7930.0812.7110.2780.1210.103640.2040.7680.0782.6050.2660.1160.102650.2090.7530.0752.7940.2780.1210.099660.2380.7530.0992.4090.3160.1380.131670.2470.7650.0982.5050.3230.1400.129680.2110.7610.0842.5190.2770.1200.110690.2250.7840.0922.4300.2860.1250.118700.2110.7090.0842.5060.2980.1300.119710.1820.7330.0951.9030.2480.1080.130720.2040.7100.0683.0080.2870.1250.095730.2030.7000.0812.5240.2900.1260.115740.2400.8050.1102.1880.2980.1300.136750.2750.9040.1062.5950.3040.1320.117760.2750.9750.1421.9330.2820.1230.146770.1650.6680.0841.9740.2470.1070.125780.2100.8350.0782.6910.2520.1090.094790.1970.7510.0732.6810.2620.1140.098800.2060.7890.0962.1420.2610.1140.122810.2660.7930.0982.7260.3360.1460.123820.3210.9950.1232.6120.3230.1400.124830.2530.9160.0922.7650.2760.1200.100840.2130.8760.0842.5360.2430.1060.096850.2420.8580.0852.8530.2820.1230.099860.1880.7720.0742.5270.2430.1060.096870.2260.7330.0753.0280.3080.1340.102880.2920.9530.1232.3650.3060.1330.129890.3231.0270.1242.6090.3150.1370.121900.2550.9740.1072.3850.2620.1140.110Mean0.2100.8230.0902.3620.2550.1110.109*σ*0.0360.0900.0180.2720.0320.0140.017CV%0.1720.1100.1970.1150.1270.1270.157Table 16Abundance of G138S determined in HTP mode for comparison (CBB stands for the Bradford assay).Table 16No.G138S Activity (kU/L)G138S quantity by CBB for total proteins (g/L)G138S quantity by ITA (g/L)G138S Specific activity based on ITA (kU/g)G138S Apparent specific activity by CBB (kU/g)G138S abundance by activity (its known specific activity used)G138S abundance by ITA10.3430.9290.1043.3150.3700.1090.11220.3060.6780.0853.6130.4520.1330.12530.2360.5090.1062.2290.4630.1360.20840.2240.5450.0693.2520.4110.1210.12650.2300.4940.0663.4680.4660.1370.13460.3350.7570.1033.2430.4430.1300.13670.3760.9510.1013.7160.3960.1160.10780.3390.7550.1003.3980.4490.1320.13290.3850.8720.1073.5810.4410.1300.123100.3150.7090.0933.3760.4440.1310.132110.2800.6070.0733.8180.4610.1360.121120.2130.5550.0563.8210.3840.1130.100130.2260.5630.0633.5680.4010.1180.112140.3420.8510.1013.3960.4010.1180.118150.3900.8860.1183.3170.4400.1290.133160.3830.9370.1233.1200.4090.1200.131170.2740.5910.0664.1730.4640.1360.111180.4400.9640.1223.6030.4570.1340.127190.3570.9770.1073.3240.3660.1080.110200.2420.7230.0743.2560.3350.0990.103210.2410.7310.0733.2960.3300.0970.100220.1810.5910.0533.4440.3060.0900.089230.2060.6040.0553.7570.3400.1000.091240.2170.6600.0603.6350.3290.0970.090250.2100.6800.0712.9410.3090.0910.105260.2380.6320.0783.0310.3760.1110.124270.2530.6800.0663.8410.3730.1100.097280.2570.8300.0843.0750.3100.0910.101290.2910.8340.1042.7850.3490.1030.125300.2660.7930.0783.3990.3350.0980.098310.2660.7640.0733.6270.3480.1020.096320.2440.8410.0663.6850.2900.0850.079330.2350.7130.0723.2500.3290.0970.101340.2920.8230.0982.9870.3540.1040.119350.2610.7970.0733.5830.3280.0970.092360.3000.8050.0923.2780.3730.1100.114370.2790.8210.0843.3200.3390.1000.102380.2470.8000.0653.8050.3080.0910.081390.2710.8760.0743.6490.3100.0910.085400.2470.7600.0753.3070.3250.0950.098410.3050.8080.0843.6540.3780.1110.103420.2590.7600.0813.2000.3400.1000.106430.4350.9540.1233.5210.4550.1340.129440.2680.8200.0843.1900.3270.0960.102450.2720.7850.0873.1070.3460.1020.111460.2520.7800.0813.1180.3230.0950.104470.2460.5910.0902.7360.4160.1220.152480.2140.5430.0643.3580.3930.1160.117490.2020.5860.0782.6050.3450.1010.132500.1860.5940.0533.4920.3120.0920.089510.2120.6030.0504.2400.3520.1030.083520.2000.5860.0513.9070.3410.1000.087530.2040.5910.0533.8640.3460.1020.089540.1890.5890.0563.3820.3200.0940.095550.1810.5870.0662.7320.3080.0910.113560.1530.5890.0473.2690.2600.0770.080570.2120.5910.0533.9820.3590.1060.090580.2000.7580.0513.8990.2640.0780.068590.2110.6470.0703.0250.3260.0960.108600.2130.6140.0573.7030.3470.1020.094610.1790.5940.0533.3490.3000.0880.090620.1650.7420.0642.5540.2220.0650.087630.2010.6090.0563.6100.3310.0970.092640.2120.7390.0633.3550.2870.0840.086650.1790.8180.0543.3130.2190.0640.066660.1840.6400.0513.6400.2880.0850.079670.2200.7030.0504.4220.3120.0920.071680.2320.7140.0683.4370.3250.0960.095690.2890.7000.0733.9730.4140.1220.104700.2460.8620.0623.9740.2850.0840.072710.2310.6470.0723.2160.3570.1050.111720.2290.7100.0653.5250.3220.0950.091730.2540.7890.0544.6710.3220.0950.069740.1990.9740.0593.3600.2040.0600.061750.3150.7820.0664.7980.4030.1180.084760.2610.9250.0723.6130.2820.0830.078770.3020.7860.0605.0120.3840.1130.077780.3740.9370.1073.4830.3990.1170.115790.3621.0460.0744.8610.3460.1020.071800.3470.7540.0873.9760.4610.1350.116Mean0.2600.7340.0753.5050.1050.1050.103*σ*0.0640.1300.0200.4880.0180.0180.023CV0.2460.1770.2610.1390.1700.1700.221Table 17Abundance of M72Q determined in HTP mode for comparison (CBB stands for the Bradford assay).Table 17No.M72Q Activity (kU/L)M72Q by CBB for total proteins (g/L)M72Q protein by ITA (g/L)M72Q specific activity based on ITA (kU/g)M72Q apparent specific activity by CBB (kU/g)M72Q abundance by activity (its known specific activity used)M72Q abundance by ITA10.2980.6880.0734.0750.4330.1010.10620.3140.6610.1112.8270.4750.1100.16830.4450.8340.1064.1900.5330.1240.12740.4140.8830.1053.9470.4680.1090.11950.3980.7780.0984.0640.5110.1190.12660.3060.6930.1142.6960.4410.1030.16470.4580.8890.1183.8890.5160.1200.13380.3000.7790.0763.9250.3850.0900.09890.2410.5670.1042.3210.4250.0990.183100.2830.6510.0753.7610.4350.1010.116110.2940.7010.0634.6550.4190.0980.090120.2830.6830.0704.0590.4150.0960.102130.2880.7080.0783.7090.4060.0940.110140.3630.7310.0854.2730.4960.1150.116150.1800.4170.0463.9000.4310.1000.111160.1950.4410.0543.6030.4420.1030.123170.3910.8290.0884.4430.4710.1100.106180.2520.6760.0643.9430.3730.0870.095190.3170.7080.0793.9920.4470.1040.112200.2620.6800.0644.0820.3840.0890.094210.2550.6890.0584.4080.3690.0860.084220.2850.6810.0525.4890.4180.0970.076230.2800.6670.0664.2570.4200.0980.099240.3040.7180.0803.7820.4240.0990.112250.2500.5980.0614.1170.4190.0970.102260.2710.6730.0763.5530.4020.0940.113270.2510.6090.0624.0750.4120.0960.101280.3380.7460.0834.0750.4530.1050.111290.3460.7600.0814.2620.4560.1060.107300.2710.6100.0624.3350.4440.1030.102310.3820.8070.1003.8370.4740.1100.123320.2970.7050.0813.6760.4210.0980.114330.3810.8450.1123.3910.4510.1050.133340.2700.7010.0654.1310.3850.0890.093350.2450.7340.0604.0690.3340.0780.082360.3390.7430.0873.8870.4560.1060.117370.2810.7950.0664.2470.3540.0820.083380.3430.6730.0605.6810.5100.1190.090390.3110.7430.0575.4800.4190.0970.076400.3370.8270.0844.0160.4080.0950.102410.3250.8650.0813.9890.3750.0870.094420.3240.7790.0605.3660.4160.0970.077430.2210.5330.0573.8650.4140.0960.107440.2930.7490.0684.3120.3910.0910.091450.2940.7150.0773.8160.4110.0960.108460.3310.6450.0804.1540.5120.1190.123470.3540.7870.0824.3440.4500.1050.104480.2680.6420.0515.2840.4170.0970.079490.2630.6600.0713.6810.3990.0930.108500.2860.6880.0714.0130.4160.0970.104510.2920.7370.0743.9640.3960.0920.100520.2440.6440.0614.0120.3790.0880.095530.2890.7250.0714.0590.3980.0930.098540.2820.7040.0574.9220.4010.0930.081550.3020.7110.0754.0320.4250.0990.105560.2440.6070.0584.2360.4020.0930.095570.2470.6700.0574.3280.3690.0860.085580.2980.6920.0714.1960.4310.1000.103590.3740.7300.1003.7540.5120.1190.136600.2630.6830.0713.7060.3850.0900.104610.2910.6500.0486.0250.4480.1040.074620.2060.5110.0553.7470.4020.0940.107630.2630.6540.0544.8820.4010.0930.082640.2240.6050.0563.9960.3700.0860.093650.2600.7200.0624.1690.3610.0840.087660.2890.7180.0694.1600.4020.0930.097670.2670.5680.0674.0170.4710.1090.117680.2790.6690.0644.3340.4170.0970.096690.2690.7010.0654.1450.3830.0890.092700.2310.4650.0623.7240.4960.1150.133710.2820.6460.0704.0310.4360.1010.108720.3050.6930.0754.0770.4400.1020.108730.2980.6380.0744.0460.4680.1090.116740.2240.4680.0583.8920.4800.1120.123750.3050.6690.0704.3770.4560.1060.104760.2840.7080.0644.4110.4010.0930.091770.3410.7870.0814.1830.4330.1010.104780.2890.6330.0714.0740.4570.1060.112790.2910.6620.0654.4770.4400.1020.098800.2660.6760.0594.4890.3930.0910.088810.3200.7060.0734.3900.4520.1050.103820.2920.6330.0714.1030.4610.1070.112830.3280.7680.0794.1650.4270.0990.103840.2900.7340.0476.1580.3950.0920.064850.2350.5140.0613.8740.4570.1060.118860.2370.5110.0623.8350.4630.1080.121Mean0.2940.6860.0724.1500.4280.1000.105*σ*0.0510.0940.0160.5900.0410.0090.020CV0.1740.1360.2210.1420.0950.0950.185Table 18Abundance of PAAS determined in HTP mode for comparison (CBB stands for the Bradford assay).Table 18No.PAAS Activity (kU/L)PAAS quantity by CBB (g/L)PAAS quantity by ITA (g/L)PAAS specific activity based on ITA (kU/g)PAAS apparent specific activity by CBB (kU/g)PAAS abundance by activity (its known specific activity used)PAAS abundance by ITA10.8470.5340.05914.3071.5870.1090.11121.2640.7580.08914.2531.6670.1150.11731.1300.6750.08213.8581.6740.1150.12140.8530.5210.06213.6931.6380.1130.12050.6850.4740.05013.7551.4450.1000.10560.8040.5730.06113.1511.4030.0970.10770.8050.4870.05614.3571.6540.1140.11580.8180.6150.06312.9161.3280.0920.10391.0310.6700.07014.7271.5380.1060.104100.5110.3110.03315.2531.6420.1130.108110.5540.3370.04113.4471.6430.1130.122121.1110.6880.07315.2621.6140.1110.106130.7170.4710.05114.1661.5220.1050.107140.9000.5590.06513.8631.6100.1110.116150.7430.4530.05114.6631.6410.1130.112160.7240.4580.04516.1851.5800.1090.098170.7960.5350.05215.2121.4880.1030.098180.8650.5790.06613.1101.4930.1030.114190.7120.4540.04814.9451.5680.1080.105200.7690.6300.06212.4021.2210.0840.098210.7120.4640.04814.7581.5350.1060.104220.9600.5980.06814.0801.6060.1110.114230.9840.6080.06714.7591.6190.1120.110240.7700.4620.04915.6481.6660.1150.106251.0870.6510.08313.0731.6690.1150.128260.8430.5700.06612.7381.4790.1020.116270.7660.4720.05214.7841.6230.1120.110280.9620.5960.07213.3631.6140.1110.121290.9590.5540.06913.8561.7300.1190.125300.9220.5670.06713.8131.6270.1120.118310.9200.5920.07612.0781.5530.1070.129320.8350.6040.06313.3041.3830.0950.104330.7480.4390.05812.9721.7030.1170.131340.8120.5200.05714.1501.5610.1080.110350.8290.6370.06013.9081.3000.0900.093360.8210.4840.05714.3151.6950.1170.118370.8580.4970.06114.1091.7260.1190.122380.8480.4820.05714.7981.7600.1210.119391.0620.6550.08312.7921.6220.1120.127400.7480.4550.05713.0741.6430.1130.126410.8200.4790.05614.7301.7120.1180.116420.7600.5130.05314.3251.4820.1020.103430.7930.5450.05115.5521.4550.1000.094440.7630.4670.05114.8541.6340.1130.110450.8000.4800.05614.2571.6670.1150.117460.8670.4960.06114.2681.7480.1210.123470.8480.6130.06014.1911.3840.0950.098480.8660.5020.05615.4901.7250.1190.111490.8060.5470.05115.8321.4740.1020.093500.9680.6530.06714.4811.4840.1020.102510.8210.5130.05714.3711.6010.1100.111520.8270.6050.05216.0341.3670.0940.085530.9090.5460.05915.4231.6640.1150.108540.8300.5420.05714.4691.5310.1060.106550.9320.6890.06414.4751.3540.0930.094561.0950.8930.07813.9641.2260.0850.088571.4120.9000.09814.3641.5680.1080.109581.2100.7590.06917.6461.5940.1100.090590.7630.6960.05513.9851.0970.0760.078600.8880.7960.05217.0551.1160.0770.065610.8790.6930.07411.8581.2690.0880.107620.9450.6870.05517.2441.3750.0950.080631.9170.8100.12115.9082.3660.1630.149641.9850.8010.11916.6442.4770.1710.149651.6360.8250.11514.1751.9840.1370.140661.3310.7210.11511.5471.8470.1270.160671.0300.6710.07413.9131.5340.1060.110680.9410.6430.07612.3871.4620.1010.118691.3230.8760.10212.9641.5100.1040.116701.3770.8250.10313.3521.6700.1150.125711.9660.8750.12016.3712.2480.1550.137721.6080.8280.11513.9381.9430.1340.139731.1160.6860.06317.8531.6270.1120.091741.1840.7530.10211.5621.5720.1080.136751.0310.7340.09410.9141.4040.0970.129760.9610.6680.07712.5181.4390.0990.115771.4480.7960.10513.7931.8210.1260.132781.5610.8220.11513.6111.8990.1310.140791.5640.8310.12112.9001.8830.1300.146801.2010.7020.09013.2761.7110.1180.129811.1920.7470.08613.8251.5960.1100.115820.7790.4720.06512.0091.6510.1140.137831.0050.7080.07014.3301.4190.0980.099840.7940.5060.05414.6651.5710.1080.107851.0960.6560.06816.0111.6700.1150.104860.8640.6330.06213.9791.3650.0940.098870.8780.4720.06114.4731.8600.1280.129880.8470.4900.05315.9601.7310.1190.108891.2350.7770.06818.2931.5910.1100.087901.1510.7380.06816.8651.5580.1070.092910.8080.5690.05115.9471.4220.0980.089921.2970.7880.07417.4521.6450.1130.094Mean0.9890.6170.06914.3501.5990.1100.112*σ*0.2910.1330.0201.4530.2180.0150.017CV0.2940.2160.2950.1010.1360.1360.151Table 19Abundance of PAAS/mutants estimated by two ways with 48-well microplate.Table 19PAAS/mutants (48-well)PAASG138SM72DM72QSpecific activity after purification by microplate reader14.63.42.34.3Ratio of specific activity to M72D6.351.481.001.87*n* for independent lysates92809086Activity concentration in lysates (kU/L)0.94±0.290.25±0.070.21±0.050.29±0.05Ratio of activity concentration to M72D4.481.191.001.38Total protein (g/L)0.6±0.10.7±0.20.8±0.10.7±0.1Apparent specific activity based on total proteins (kU/g)1.6±0.20.4±0.10.3±0.00.4±0.0Ratio of apparent specific activity to M72D6.11.41.01.7Protein by ITA (g/L)0.06±0.020.07±0.030.09±0.030.07±0.02Specific activity based on ITA (kU/g)14.60±1.53.67±0.692.39±0.314.15±0.59Ratio of specific activity to M72D6.101.541.001.74Abundance by known specific activity(11±1)%(11±2)%(11±2)%(10±1)%Abundance by ITA(11±2)%(10±3)%(11±3)%(11±2)%[^13]Table 20Abundance of PAAS/mutants estimated by two ways with cells amplified in 4.0 mL medium to prepare 2.5 mL lysate.Table 20PAAS/mutantsPAASG138SM72DM72QSpecific activity after purification by microplate reader14.63.42.34.3Ratio of specific activity to M72D6.351.481.001.87*n* for independent lysates13121010Activity concentration (kU/L)3.64±2.340.69±0.430.48±0.280.89±0.53Ratio of activity concentration to M72D7.581.441.001.84Total protein ( g/L)1.3±0.51.2±0.51.2±0.61.2±0.6Apparent specific activity based on total protein (kU/g)2.8±1.80.6±0.40.4±0.30.8±0.6Ratio of apparent specific activity to M72D7.21.51.02.0Protein quantity by ITA (g/L)0.25±0.070.19±0.060.22±0.060.22±0.07Specific activity based on ITA (kU/g)13.48±2.53.63±0.692.18±0.414.05±0.89Ratio of specific activity based on ITA to M72D6.181.671.001.86Abundance by known specific activity(19±5)%(17±4)%(17±5)%(18±5)%Abundance by ITA(19±3)%(16±4)%(18±4)%(19±3)%[^14]Table 21Abundance of BFU/mutants estimated by two ways with cells amplified in 4.0 mL medium to prepare 2.5 mL lysate.Table 21BFU/mutants (4.0 mL)BFUBFU-6HA1RF301L-6HL171ISpecific activity by microplate after purification and the correction of purity9.03.53.31.62.6Ratio of specific activity to F301L-6H5.592.172.051.001.61*n* for independent lysates108534Activity concentration in cell lysates (kU/L)1.69±0.590.83±0.370.70±0.420.33±0.310.56±0.32Ratio of activity concentration to F301L-6H5.122.522.121.001.52Total proteins (g/L)1.3±0.21.4±0.31.4±0.41.3±0.311.3±0.4Specific activity based on total proteins (kU/g)1.3±0.50.6±0.30.5±0.30.3±0.20.4±0.3Ratio of activity concentration to F301L-6H5.22.42.11.01.7Protein quantity by ITA (g/L)0.23±0.220.24±0.230.22±0.320.24±0.440.23±0.35Specific activity based on ITA (kU/g)6.26±1.323.07±0.962.69±1.381.18±0.852.07±1.5Ratio of specific activity based on ITA to F301L-6H5.312.602.281.001.76Abundance by known specific activity(16±6)%(17±6)%(16±6)%(17±7)%(17±6)%Abundance by ITA(17±3)%(18±3)%(16±4)%(17±3)%(18±3)%[^15]Table 22Abundance of PAAS/mutants estimated by two ways with cells amplified in 250 mL medium to prepare 50 mL lysate.Table 22PAAS/mutantsPAASG138SM72DM72QSpecific activity after purification by microplate reader14.63.42.34.3Ratio of specific activity to M72D6.351.481.001.87*n* for independent lysates9888Activity concentration (kU/L)12.37±2.674.73±1.062.09±0.484.45±1.04Ratio of activity concentration to M72D12.282.251.004.27Total protein ( g/L)4.7±1.15.4±1.34.2±0.94.7±1.1Apparent specific activity based on total protein (kU/g)2.7±0.60.9±0.20.5±0.11.0±0.2Ratio of apparent specific activity to M72D5.61.81.01.9Protein quantity by ITA (g/L)0.96±0.200.93±0.190.86±0.170.87±0.17Specific activity based on ITA (kU/g)12.89±2.915.10±0.482.43±0.505.10±0.33Ratio of specific activity based on ITA to M72D5.302.101.002.10Abundance by known specific activity(21±5)%(15±4)%(22±5)%(18±5)%Abundance by ITA(21±4)%(21±4)%(20±4)%(19±3)%[^16]Table 23Abundance of BFU/mutants estimated by two ways with cells amplified in 250 mL medium to prepare 50 mL lysate.Table 23BFU/mutants (4.0 mL)BFUBFU-6HA1RF301L-6HL171ISpecific activity by microplate after purification and the correction of purity9.03.53.31.612.60Ratio of specific activity to F301L-6H5.592.172.051.001.61*n* for independent lysates76543Activity concentration in cell lysates (kU/L)5.52±1.392.14±0.542.05±0.520.99±0.251.56±0.39Ratio of activity concentration to F301L-6H5.582.162.071.001.58Total proteins (g/L)5.3±1.15.2±1.15.2±1.15.2±1.15.3±1.1Specific activity based on total proteins (kU/g)1.1±0.20.4±0.10.4±0.10.2±0.00.3±0.1Ratio of activity concentration to F301L-6H5.52.22.11.01.6Protein quantity by ITA (g/L)0.92±0.220.94±0.230.92±0.320.95±0.440.98±0.35Specific activity based on ITA (kU/g)6.00±1.282.28±0.562.23±0.481.04±0.231.59±0.38Ratio of specific activity based on ITA to F301L-6H5.772.192.141.001.53Abundance by known specific activity(18±4)%(18±4)%(18±5)%(18±4)%(19±5)%Abundance by ITA(18±4)%(18±4)%(18±4)%(18±3)%(19±4)%[^17]Table 24Examination of consistence of accessible epitopes on enzyme/mutants.Table 24Enzyme/mutants[a](#tbl24fna){ref-type="table-fn"}Specific activity after purification[b](#tbl24fnb){ref-type="table-fn"}Abundance derived from activity (%)Abundance by ITA (%)PAAS/mutants (48-well)PAAS (92)14.611±111±2M72Q (80)4.310±111±2G138S (90)3.411±210±3M72D (89)2.311±211±3PAAS/mutants[c](#tbl24fnc){ref-type="table-fn"} (4.0 mL)PAAS (13)14.619±519±3M72Q (12)4.317±416±3G138S (10)3.417±418±4M72D (10)2.318±519±4BFU/ mutants[c](#tbl24fnc){ref-type="table-fn"} (4.0 mL)BFU (10)9.016±617±3BFU-6H (8)3.517±618±3A1R (5)3.316±616±4L171I (3)2.617±717±3F301L-6H (4)1.617±618±3PAAS/mutants[c](#tbl24fnc){ref-type="table-fn"} (250 mL)PAAS (13)14.621±521±4M72Q (12)4.318±419±3G138S (10)3.415±421±4M72D (10)2.322±520±4BFU/ mutants[c](#tbl24fnc){ref-type="table-fn"} (250 mL)BFU (10)9.018±418±4BFU-6H (8)3.518±418±4A1R (5)3.318±518±4L171I (3)2.618±419±4F301L-6H (4)1.619±518±3[^18][^19][^20]Table 25Associations of specific activities based on ITA with those determined after purification.Table 25PAAS/mutants (4.0 mL)PAASG138SM72DM72QSpecific activity after purification and the correction of purity and Ni^2+^ inhibition by microplate reader14.63.42.34.3Ratio of specific activity to M72D6.41.51.01.9Specific activity in cell lysate based on ITA (kU/g)12.9±2.95.1±0.52.4±0.55.1±0.3Ratio of specific activity based on ITA to M72D5.32.11.02.1BFU/mutants (4.0 mL)BFUBFU-6HA1RF301L-6HL171ISpecific activity after purification and the correction of purity by microplate reader9.03.53.31.62.6Ratio of specific activity to F301L-6H5.62.22.11.01.6Specific activity in cell lysates based on ITA (kU/g)6.0±1.32.3±0.62.2±0.51.0±0.21.6±0.4ratio of specific activity based on ITA to F301L-6H5.82.22.11.01.5Table 26Summary of AUC by ROC analysis.Table 26Enzyme pairsRatio of specific activityAUCActivity concentrationApparent specific activitySpecific activity based on ITAM72Q vs G138S1.260.7190.7820.797G138S vs M72D1.480.7260.7900.922M72Q vs M72D1.870.7970.8640.998PAAS vs M72Q3.370.9971.0001.000PAAS vs G138S4.261.0001.0001.000PAAS vs M72D6.301.0001.0001.000

2. Experimental design, materials and methods {#s0020}
=============================================

2.1. Experimental design {#s0025}
------------------------

The proposed strategy requires consistent accessible epitopes among enzyme/mutants for the use of just one reference [@bib1].

The actions of PAAS/mutants and BFU/mutants do not alter cell growth and they should have consistent abundance among intracellular proteins after induced expression under the same conditions. They served as two models to test the validity of the proposed strategy.Fig. 9Comparison of the recognition of the positive one in a pair through Receiver-Operating-Characteristic analyses of specific activities based on ITA and other activity indices.Fig. 9

The abundance of an enzyme/mutant based on ITA was the ratio of its protein quantity determined by ITA to that of total proteins; the abundance of an enzyme/mutant by activity was the ratio of its apparent specific activity to its specific activity after careful purification.

For a group of PAAS/mutants or BFU/mutants, they should have consistent accessible epitopes when their abundance based on ITA with just one reference is consistent with each other and further consistent with those by activities.

2.2. Materials and methods {#s0030}
--------------------------

All experiments involving rabbits were approved by the Animal Care and Use Committee of Chongqing Medical University (China).

For each enzyme/mutant, a individual clone was amplified at 37 °C and 180 rpm, for 12 h with 0.50 mL of the medium in 48-well microplates, but for 4.0 h with 4.0 mL or 250 mL of the medium in glass bottles. Each enzyme/mutant was induced by 1.0 mM isopropyl-β-*D*-thiogalactoside at 16 °C and 110 rpm for 20 h. Cells were broken by sonication treatment in 20 mM Tris--HCl at pH 8.0; 0.50 mL of the cell lysate after centrifugation at 10,000 rpm for 15 min was filtered through 0.22-μm membrane to serve as a sample for both ITA and activity assay [@bib1], [@bib2].

With PAAS/mutants, 2.0 mM potassium 4-nitrophenylsulfate was used in 1.0 mM Tris--HCl at pH 9.0 to measure the absorbance at 405 nm with Biotek ELX 800 [@bib1], [@bib3]. With BFU/mutants, 0.14 mM uric acid was employed in 0.20 M sodium borate at pH 9.2 to measure absorbance at 293 nm with Biotek EON [@bib1], [@bib4]. Their initial rates were derived from absorbance change from 10.0 to 15.0 min since reaction initiation [@bib1]. The apparent specific activity was the ratio of the activity to the quantity of total proteins in an unpurified sample.

ITA quantified the difference of the extinction at 370 and 700 nm for reaction mixture of 0.20 mL in 96-well microplates with Biotek EON.

Ratios of their specific activities were calculated with the specific activities of 14.6, 4.3, 3.4, 2.3 kU/g for PAAS, M72Q, G138S and M72D, respectively.
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[^1]: These authors contributed equally.

[^2]: The four enzymes after affinity purification once were concurrently assumed to have the purity of 48%, to correct the effects of purity on their specific activities. BIOTEK ELX800 reader (data from 10 to 15 min).

[^3]: The enzyme was purified by Ni^2+^-NTA column and buffer was pre-incubated at room temperature for 30 min prior to use.

[^4]: The enzyme was purified by Ni^2+^-NTA column and buffer was pre-incubated at room temperature for 30 min prior to use.

[^5]: The enzyme was purified by Ni^2+^-NTA column and buffer was pre-incubated at room temperature for 30 min prior to use.

[^6]: The enzyme was purified by Ni^2+^-NTA column and buffer was pre-incubated at room temperature for 30 min prior to use.

[^7]: Specific activity by BIOTEK ELX800 microplate reader with just 0.20 mL reaction mixture at room temperature; initial rate was determined with data from 10 to 15 min after agitation for 5 min.

[^8]: Specific activity of BFU was assumed to 9.0 kU/g to approximate its purity after DEAE-cellulose chromatography twice and such purity was assigned to that of other mutants for the correction of their specific activities. Activities were determined with BioTek Eon by absorbance of uric acid at 293 nm.

[^9]: Signals were recorded with BIOTEK EON microplate reader with 96-well plates.

[^10]: Signals were recorded on BIOTEK EON microplate reader with 96-well plates

[^11]: There were about additional 14 μg host proteins with the sample of 3% abundance of PAAS in comparison of that with the sample of 50% abundance. The background with lysates of untransformed cells gave *A*~340-700~ of 0.473. And *t*-test indicated insignificant differences for the same quantities of PAAS but different abundance in artificial cell lysates, as indicated as \*.

[^12]: There were additional 14 μg host proteins with the sample of 3% abundance of PAAS in comparison of that with the sample of 50% abundance of PAAS. The background with lysates of untransformed cells gave *A*~340-700~ of 0.310. And *t*-test indicated insignificant differences for the same quantity of PAAS but different abundance in artificial cell lysates, which was indicated as \*.

[^13]: Initial rate of each enzyme was estimated with data from 10 to 15 min reaction with BIOTEK ELX 800 microplate reader. Cell lysates were prepared in 0.70 mL lysis buffer with cell suspension of 0.40 mL (0.50 mL medium was used with 48-well microplate).

[^14]: Initial rate of each enzyme was estimated with data from 10 to 15 min reaction with BIOTEK ELX 800 microplate reader. Cell lysates were prepared in 2.5 mL lysis buffer with cell suspension of 4.0 mL medium.

[^15]: Initial rate was estimated with data from 10 to 15 min reaction with BIOTEK EON microplate reader.

[^16]: Initial rate of each enzyme was estimated with data from 10 to 15 min reaction with BIOTEK ELX 800 microplate reader. Cell lysates were prepared in 50 mL lysis buffer with cell suspension of 250 mL medium.

[^17]: Initial rate was estimated with data from 10 to 15 min reaction with BIOTEK EON microplate reader.

[^18]: Number in parenthesis indicated independent lysates, and all samples suitable for ITA were analyzed. For each enzyme/mutant, paired *t*-test comparison supported no difference for the abundance derived from activity and by ITA. There were no differences among abundance derived from activity or by ITA in each group of enzyme/mutants under stated conditions.

[^19]: Each specific activity after purification was expressed in kU/g, with CV\<15% from three independent preparations of each enzyme.

[^20]: All the cell lysates prepared from 4.0 or 250 mL medium for the amplification of cells and induced expression were included for analyses.
